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Abstract 
Methods for the functionalization of polymer biosensor surfaces are applied for the binding of receptors and the sensing of 
biological particles. In many cases the same biosensor polymer has to perform transduction mechanisms as in the case of optical 
waveguides. The effects of the functionalization process on the sensor transduction properties like absorption and surface 
roughness loss should be minimal. In this work we investigate the formation of functional groups by oxygen plasma treatment as 
a method of precise surface modification for PMMA and SU-8 waveguide materials. Oxygen groups were analyzed by contact 
angle measurements, XPS, chemical derivatization XPS and fluorescence labeling. 
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1. Introduction 
Chemically functionalized polymer surfaces are used in a wide field of applications. Functional groups like 
carboxyl groups, hydroxyl groups or amine groups are used for the covalent binding of receptors in biosensor 
applications, to change the capability of cell adhesion and growth or simply to enhance or reduce hydrophobic or 
hydrophilic behavior. To obtain functional groups on a polymer surface either bulk techniques as polymer syntheses 
with functional monomers or surface functionalization techniques e. g. physical adsorption, plasma polymerization 
and grafting may be used. Grafting is a process where functional groups are converted to other groups by radical 
reactions like plasma activation. In this manner no additional polymer deposition process is necessary.  
If functional groups are created only on the top surface standard materials may be used or bulk materials may be 
designed optimally independent of its surface requirements. One example where the question of optimal polymer 
bulk and surface properties needs to be discussed are microdisk [1] and microring [2] resonators where polymers are 
advantageous as sensor structure materials. Microring resonators are planar optical structures that are today used as 
filters in optical communications. Their high sensitivity to surrounding media can be utilized to create biochemical 
sensors for medical diagnostics, monitoring in biotechnology and drug screening. Because of their simple structure, 
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 small size and because they can be fabricated with polymer material microring resonators have a high potential for 
low cost diagnostics. The schematic function of a microring resonator biosensor is illustrated in Fig. 1. If the 
respective receptors can be immobilized on the polymer sensor surface biological species like viruses, DNA, 
proteins, cells and chemical substances like toxins can be detected.  
 
 
 
Fig. 1. Schematic principle of receptor and antigen binding onto the functional polymer surface (b)  
of a microring resonator (a); the resulting wavelength shift (c) during antigen binding can be measured.  
 
For using polymer ring structures as transducers for biochemical detection the polymer material has to fulfill two 
basic tasks: Acting as a low-loss optical waveguide and providing a suited surface for immobilizing receptors. 
Polymers that have been used as waveguide materials are polymethylmethacrylate (PMMA), the expoxy based SU-
8, polycarbonate and polystyrene. PMMA and SU-8 are photosensitive materials and can be effectively structured 
by electron beam lithography. Optical parameters that depend on material properties and processing parameters are 
influenced by the surface roughness, the attenuation factor for the operating wavelengths and the refractive index of 
the polymer. Processes subsequent to the waveguide structuring should have lowest possible influence. 
Suitable receptors like antibodies can be immobilized on the polymer surface by adsorption, ionic or covalent 
binding. Covalent bonds are more stable under most conditions but previous investigations only studied adsorption 
techniques for polymer microring resonators [3].  
The immobilization of receptors onto the polymer sensor surfaces by covalent binding through e. g. amide or 
ester formation should be feasible assuming a suitable functionalization technique. Because a plasma process is a 
simple to use, dry and one-step method to modify a polymer surface this method was chosen for this study.  
2. Experimental 
The polymer waveguide materials were treated with oxygen plasma in order to obtain oxygen containing 
functional groups that can later be used for the immobilization of receptors. The resulting functional groups were 
analyzed by contact angle measurements, X-ray photoelectron spectroscopy (XPS), chemical derivatization X-ray 
photoelectron spectroscopy (CD-XPS) and fluorescence labeling.  
The investigations were carried out with unstructured polymer surfaces. Two different types of polymers were 
used: polymethylmethacrylates based positive tone resists PMMA 120 k from Micro Resist Technology and PMMA 
950 k from Microchem as well as epoxy based negative tone resists SU-8 2 from Microchem and Epocore XP-2 
from Micro Resist Technology. The polymers were spin-coated on 4-inch silicon wafers with native oxide to obtain 
a thickness of 2 µm for PMMA 950 k, SU-8, Epocore and 500 nm for PMMA 120 k.  
Plasma treatment was carried out with a Dreva Clean 450 plasma tool by Vakuumtechnik Dresden GmbH, 
Germany. An oxygen plasma with 20 sccm O2-flow and a gas pressure of 20 Pa was applied. Treatment times t and 
RF-plasma power P were varied. X-ray photoelectron spectroscopy was carried out with a PHI ESCA 5700 
multitechnique system. The contact angle measurements were measured with a Dataphysics OCA 20 tool using the 
test liquids water, diiodomethane and ethylene glycol. 6 contact angles for each liquid and each sample were 
measured. The surface free energies were calculated by using Young’s equation and the theory of Owens and Wendt 
[4]. Fluorescence intensities were analyzed with a Carl Zeiss fluorescence microscope with filterset 10. During 
plasma treatment many different oxygen functionalities are created. In order to increase the concentration of 
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carboxyl groups some samples were treated for 2 min with a KMnO4-solution (1 g KMnO4 in 50 ml H2O added by 
5 ml 0.1 M NaOH solution). For fluorescence labeling of COOH groups 7-Amino-4-methylcoumarin, 
dansylcadaverine and dansylchloride with NH2 groups from Sigma Aldrich were used. Different activation 
techniques were examined: activation with dicyclohexylcarbodiimide (DCC), 1-Hydroxybenzotriazol, activation 
with methanol/esterification, PCl3 and SOCl2. For CD-XPS and the determination of -OH, -COOH and -C=O groups 
a TFAA-solution (8 ml chloroform, 8 ml pyridine, 8 mg DCC, 8 ml trifluoroacetic acid), pure trifluoroacetic 
anhydride (TFAH) and a DNPH-solution (0.5 g 2,4-dinitrophenylhydrazine, 2 ml H2SO4, 3 ml H2O, 10 ml ethanol) 
were used respectively. For further information on CD-XPS please refer to [5].  
3. Results and discussion 
An increase of functional groups containing oxygen could be examined by XPS analyses as shown in Table 1. 
Because the several oxygen binding energies are very close to each other the amount of each functional group could 
not be determined precisely. By using chemical derivatization with the described solutions the PMMA films were 
severely affected or even stripped. The epoxy films were also slightly affected but here an increase of the nitrogen 
concentration of about 4 atom-% for the DNPH-solution and a small increase of fluorine of about 1 atom-% for the 
TFAH solution could be observed between untreated and plasma treated polymers.  
Fluorescence labeling of COOH groups by the different fluorophores showed similar effects. The solutions used 
for dissolving the fluorophore and the activation processes affected the polymer film adhesion and film surfaces. 
The use of SOCl2 for activation and dansylcadaverine as a fluorophore showed the highest fluorescence. The 
experiments may be continued after finding suitable ways for better film adhesion. Moreover, using additional 
samples with defined and known functional surfaces to process them parallel seems valuable.  
Table 1. Increase of oxygen functional groups in the polymer surface layer by plasma treatment (time t = 60 s at power P = 400 W).  
Polymer 
Oxygen atomic concentration in % 
before plasma after plasma 
SU-8  18.8 25.4 
Epocore  17.3 25.5 
PMMA 120k  19.6 28.5 
PMMA 950k 22.1 29.0 
 
To find optimal parameters for the plasma treatment with the tool used contact angle measurements for different 
RF plasma power and treatment times were carried out (ref. Fig. 2).  
 
  
Fig. 2. (a) Influence of RF plasma power on oxygen groups formation; (b) Saturation of oxygen groups formation depending on time. 
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 A plasma power of 100 W to 200 W was sufficient to obtain high oxygen functionalities. After a treatment time 
of about 30 s a saturation of oxygen groups especially for epoxy based polymers was observed. The stability of the 
oxygen groups after plasma treatment for t = 60 s at P = 400 W by storage in air and after storage in H2O or 
chloroform CHCl3 for 2 h or KMnO4-solution for 5 min is shown in Fig. 3. 
 
  
Fig. 3. (a) Stability of oxygen containing groups by storage in ambient air; (b) Stability of oxygen containing groups for different solvents.  
4. Conclusion 
A clear increase of oxygen groups on the treated surface was shown by XPS and contact angle measurements. 
The determination of the specific functional groups concentrations could not be achieved. The main issue during 
CD-XPS and fluorescence labeling was the stability of the functional groups and the polymer film itself in solvents. 
Film delaminations may be reduced by application of adhesion promoters before spin coating. Another method that 
could be valuable is ATR-IR spectroscopy [6]. Since for IR and ATR-IR spectroscopy the different functional 
groups cannot be determined specifically chemical derivatization and solvent usage are necessary there too. Another 
approach could be the preservation of OH groups by monomolecular grafting of allyl alcohol [7].  
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